Abstract. Ovarian cancer has the highest mortality rate among gynaecological tumours despite the fact that the majority of patients with advanced disease achieve complete remission after first-line surgery and chemotherapy. Unfortunately, disease recurrence occurs in the majority of patients and second-line treatments are not curative. Clearly, the persistence of dormant and drug-resistant cells after front-line treatments results in the inability to cure the disease. The identification of cancer-initiating cells or cancer stem cells as key players in the development of recurrence has opened up a novel field of research aimed at identifying additional innovative therapeutic approaches. Strategies of maintenance therapy to extend the survival of patients have been studied, but to date no overall survival benefit has been detected. Currently, numerous clinical trials have just been completed or are ongoing involving patients achieving a complete clinical response after first-line chemotherapy in order to evaluate the efficacy of different therapeutic approaches in terms of disease-free survival and overall survival. At the 2010 ASCO meeting, the first positive results of a phase iii clinical trial in this setting were presented: bevacizumab (15 mg/kg i.v. every 21 days) added to first-line chemotherapy and continued for an additional 15 cycles was found to prolong progression-free survival of 3.8 months in comparison to 6 cycles of chemotherapy alone or only 6 cycles of chemotherapy plus bevacizumab. In addition, positive results were announced for a second phase iii trial testing bevacizumab in the same setting, but at half dose. The final assessment of the overall clinical benefit and the approval of bevacizumab in maintenance therapy by regulatory agencies is expected to be positive, as are the final results of abagovomab phase III trial MIMOSA, another antibody-based therapy tested as a maintenance treatment for advanced ovarian cancer patients. Encouraging preliminary results confirming the safety profile and the immunogenic activity of abagovomab were presented at the last ASCO meeting. The final results are expected to be released in the first half of 2011.
Introduction
Ovarian cancer is the most lethal gynaecological cancer. It is the fifth leading cause of cancer-related mortality among women both in Europe and the US. The majority (90%) of ovarian cancers arise from the surface epithelium, and tumourigenesis has been associated with inflammation and wound repair during ovulation.
Approximately 75% of ovarian cancer patients have advanced disease at the time of initial diagnosis, since early symptoms are common to many gastrointestinal and genitourinary conditions; indeed, ovarian cancer is referred to as the 'silent killer'. If ovarian cancer is identified at an early stage, when the disease is confined to the ovary, the survival rate improves, since it is highly treatable. In early stage disease (FIGO stage IA-IIA), surgery alone is curative. However, early diagnosis is rare due to the absence of a screening test. To date, screening tests such as CA125 levels and exams such as transvaginal sonography to detect early ovarian cancer have not provided satisfactory results, thus more sensitive and more specific assays are required (1, 2) .
recently, a randomised controlled trial (united Kingdom Collaborative Trial of Ovarian Cancer Screening) (Trial ISRCTN22488978 and NCT00058032) that will end in late 2014 was designed to assess the effect of screening on mortality. Post-menopausal women (202,638) were randomly assigned to groups: no treatment, annual ca125 screening interpreted with a risk algorithm plus transvaginal ultrasound (multimodal screening) and annual screening with transvaginal ultrasound. The results of the effect of screening on mortality are expected in 2014 (3) .
New efforts have emerged to identify new serum markers. Although many have acceptable specificity, the majority do not. Recently, a test using six biomarkers, developed by Yale University, was marketed by labCorp (OvaSure) as an ovarian cancer screening test for high-risk populations (4) . Unfortunately, both scientific communities, the Society of Gynecologic Oncology and the Fda, agreed that the interpretation of the results on which the test is based was premature and additional research is required to validate the test.
Of note, the clinical utility of a screening test is clear if it improves survival among screened women. Therefore, due to the low prevalence of ovarian cancer, the survival end point would require large-scale studies. Nevertheless, it is possible that through the integration of genomic and proteomic databases for biomarker discovery, promising molecules will be identified and validated (6) .
The standard first-line treatment for patients with metastatic disease is debulking surgery and platinum/taxane-based chemotherapy. Surgery is a crucial part of ovarian cancer treatment, and patients operated on by a specialised surgeon were found to have a better overall survival (OS) (7) (8) (9) . Optimal debulking surgeries have been correlated with increased survival rates, and surgical staging has also been shown to play a key role in the management of ovarian cancer patients. Indeed, ovarian cancer is one of the few tumours in which cytoreductive surgery is carried out even when complete resection is impossible. Thus, the experience of the surgeon and the institution affects the survival rate of the patients. Despite this, many women with ovarian cancer do not have their initial surgery performed by a gynaecological oncologist. For this reason it is crucial to determine whether or not a pelvic mass likely represents a malignancy.
Recently, the FDA has approved the first multiprotein ovarian cancer test to determine whether pelvic masses are cancerous. The test, called OVA1, combines CA125, β2-microglobulin, tranferrin, apolipoprotein a1 and transthyretin associated with a proprietary algorithm. It is an ovarian triage test that, combined with clinical assessement, has a greater than 90% sensitivity and a 90% negative predictive value for women with planned surgery (10) . A rival test is being developed by Fujirebio Inc. based on CA125 and HE4 using a risk of malignancy algorithm called ROMA (11) .
It is now well-established that platinum/taxane-based chemotherapy improves both OS and progression-free survival (PFS). In the past 30 years, different classes of drugs in various combinations have been evaluated in a number of randomised controlled studies, showing that in front-line treatment the combination of platinum and paclitaxel yields a response rate greater than 80% in advanced disease (12) . nevertheless, the period of clinical responses is short, and the majority of patients experience disease recurrence and drugresistance.
Basis of ovarian cancer recurrence: Cancer stem cells
despite the initial effectiveness of primary therapy against advanced stage ovarian cancer, the majority of these cases recur months to years following diagnosis. The cause of disease recurrence may involve cancer-initiating cells (CICs) that survive chemotherapy and enter a period of dormancy while residing in as yet undefined niches within the body before being triggered to initiate renewed growth. moreover, recurrent disease is no more sensitive to chemotherapy, and it is possible that this feature is due to the presence of CICs also termed cancer stem cells (CSCs). The CSC hypothesis claims the presence of a rare population of progenitor cells with unlimited regenerative capacity within a tumour. These cells, identified in many solid tumours (13), have been described in ovarian cancer cell lines as well as in patient samples (14) (15) (16) (17) (18) (19) . CICs are capable of self-renewal, and during asymmetric division are able to generate two types of cell: the first one is characterised by stem cell-like features, and the other is committed to differentiation, thus generating the heterogeneity usually found in tumours. The evidence for the existence of CICs in ovarian cancers has been based on their ability to form tumours sooner than bulk tumour cells when inoculated in immunodeficient mice. These subsets of cells have been, in various studies, characterised by the expression of CD133, CD44 and CD117 or by the ability to exclude Hoechst dye (SP cells), as these cells also express high levels of various types of membrane-spanning atp binding cassette transporters, such as multidrug-resistant gene 1 and breast cancer-resistance protein 1 (15) (16) (17) (18) (19) . The potential overlap or independence of subpopulations characterised by the expression of CD44, CD133 or side population phenotype (SP cells) has yet to be evaluated.
These candidate ovarian CSCs are not only chemoresistant to conventional chemotherapies, including doxorubicin, cisplatin and paclitaxel, but it has also been suggested that they proliferate in the presence of antiblastic drugs (15) . Thus, the increased chemoresistance of cics may allow them to survive through primary therapy leading to disease recurrence (20) .
in this scenario, a number of therapeutic approaches have been evaluated in order to prolong the disease-free period and OS, unfortunately to date these have been unsuccessful (Table I ). Other novel therapies have been recently tested or are being evaluated in ongoing clinical trials (Table II) . These approaches specifically target metastatic cancer cells which survived the first-line therapy, and this could be supported, once available, by approaches aimed to specifically destroy CICs. The latter may represent a crucial tool for concomitant supplementation or support of maintenance therapy. A number of studies are ongoing to identify potential intracellular targets, the inhibition of which may block CIC proliferation.
CICs have a unique molecular profile characterised by constitutive nF-κB activity, and the secretion of pro-inflammatory cytokines may serve as growth factors and enhance resistance to apoptosis (15) . In agreement, the pharmacological inhibition of nF-κB by Riocalyxim B-induced caspase activation decreased cytokine production and induced cell death in ovarian CSCs (21) . Another possibility to attack this subpopulation of cancer cells has been recently reported in vitro (19) ; treatment with interferon (INF)-α caused a reduction in SP cell content in various ovarian cancer cell lines. However, a randomised phase III trial showed no benefit for interferon maintenance in terms of either OS or clinical event-free survival (22) . It has also been reported that the phenotype of cancer progenitor cells depends on epigenetic alteration, Bertelsen et al (29) and cisplatin (CAP)
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including DNA methylation and histone modifications (23, 24) . In particular, the expression of CD133, the surface marker that demarcates the ovarian cancer initiating population, but whose function is currently unknown, is directly regulated by epigenetic modifications (18) . Recent findings with therapeutic implications have suggested that tumour suppressors play a role in the quiescent state of CICs which is the cause of resistance to conventional and targeted therapies. Thus, the transient pharmacological inhibition of tumour suppressors leads to the cycling of cics, resulting in the impairment and exhaustion of CICs and possibly representing a new therapeutic opportunity (25) . This model is currently being tested in clinical trials in CMl and prostate cancer.
the recurrence of ovarian cancer has also been ascribed to Notch3 overexpression (26) . Amplification of the Notch3 locus has been observed in ovarian cancer with a worse clinical outcome. Noch3 expression also increases the expression of a number of genes associated with embryonic stem cells and leads to a decrease in carboplatin sensitivity. Thus, it has been suggested that the notch3 pathway reprograms tumour cells towards chemoresistance (26) .
the interaction of cancer cells with the microenviroment is also crucial, since mesenchymal stem cells play a role in the development of ovarian cancer metastasis and resistance to treatment. Tumour-associated mesenchymal cells co-cultured with ovarian cancer cells are able to secrete factors, including CXCl12 inducing thermal tolerance (27) . Therefore, targeting the interaction between stromal and cancer cells through the inhibition of cxcl12/cxcr4 interaction may improve the sensitivity of ovarian cancer to hyperthermia, benefitting hyperthermia intraperitoneal chemotherapy.
Maintenance therapy approaches in ovarian cancer
maintenance therapy, targeting residual subclinical disease, has been explored as a strategy for improving patient survival in ovarian cancer.
Early trials. in the past, numerous approaches were tested in this setting, i.e, prolongation of chemotherapy, hormonal therapy, targeted therapy and immunotherapy (Table I ). The first trials were mainly based on prolonged administration of single-agent chemotherapy (28) , extended cycles of combination chemotherapy (29) (30) (31) or intraperitoneal chemotherapy (32) . The early trials provided negative results, with no prolongation of OS. The GOG 178 trial, which tested the efficacy of prolonged taxol administration (12 additional cycles vs. 3 additional cycles), showed a clinically longer PFS in the arm treated with 12 cycles, but, similar to previous trials, did not impact OS. The recent update of this study still confirmed the absence of an effect on OS. Numerous reasons can be ascribed to the lack of effect on OS: crossover of patients of the 3 cycle arm to longer treatment, a sample size insufficient to detect the difference or second-line treatment that equalised the outcome. Furthermore, the prolongation of taxol administration gives rise to concerns about the tolerability of long and potentially toxic treatment in comparison to the limited clinical benefit obtained.
during the past few years, hormonal therapy has been considered as a possible option for maintenance treatment, but Enrollment completed tamoxifen has not been found to extend survival in patients with advanced ovarian cancer. However, few trials were randomised controlled trials, and the possible role of tamoxifen may have been underestimated (34) . immunotherapy has been tested with two approaches: by boosting an aspecific immune host response or by trying to elicit specific response through immunization with tumourassociated antigens as specific targets.
Indeed the 'aspecific' approach was found to be ineffective as demonstrated by the inF-α trial, which found no improvement in the survival of patients with epithelial cancer following surgery and/or chemotherapy, and no benefit for interferon maintenance therapy was noted in terms of either OS or disease-free survival (DFS) (22) .
More important is the 'specific' immune approach, which aims to produce an immune response against cells expressing specific tumour-associated antigens (TAAs). These molecules, even if overexpressed in cancer cells, are traditionally weakly immunogenic, as the large majority of these in humans are non-mutated self antigens.
ca125, also known as muc16, is a large membraneassociated mucin protein which is overexpressed in more than 80% of epithelial ovarian cancers. The soluble molecule secreted in patient blood is used as a marker for tumour identification and/or progression. Due to its poor immunogenicity, the host organism is not able to mount an adequate immune response against it.
ca125, a taa, has been previously used as a target of oregovomab, a murine monoclonal antibody, able to directly recognise and bind it. A direct effect of oregovomab on ca125-positive tumour cells has not been demonstrated, and the induction of a specific immune response has been described as the main mechanism of action. Oregovomab provided some promising results in a phase II study, where efficacy in a specific subpopulation of patients with an optimal prognosis, was indicated (39) . However, it failed to demonstrate efficacy as maintenance immunotherapy after front-line therapy in a randomised double blind phase III clinical trial (35) .
Recent trials and results. An improvement in PFS remains
the aim of recent clinical research in this setting, however concerns derived from previous studies are the toxicity and the consequent impact of maintenance regimens on the quality of life of patients (36) . Therefore, recent research has focused on the development of novel antiblastic drugs/regimens with limited toxicity, such as polyglutamate paclitaxel, or regimens, including agents targeting alternative pathways, i.e., VEGF inhibition pathway, EGFr, tK, mtOr inhibitors and on boosting the host immune response. The main clinical trials which are ongoing or have just been completed, investigating maintenance therapy after first-line chemotherapy in ovarian cancer, are documented in Table II .
Chemotherapy approaches. to date, prolonged administration of paclitaxel has been the only therapeutic approach which has shown a significant benefit on PFS. Based on this finding, the phase iii GOG-212 trial is currently evaluating the effect of a new taxane derivative: prolonged administration of the new drug (12 cycles) vs. a prolonged administration of paclitaxel (12 cycles). The new taxane is expected to overcome resistance and have a better safety profile. The latter characteristic renders the prolonged administration of the new derivative more tolerable in comparison to paclitaxel. Another tested hypothesis deals with assessing the feasibility of the paclitaxel regimens; in fact, two trials are comparing weekly administration vs. the 3-week interval (Table II) .
Targeted approaches. the vEGF pathway is a promising target for the treatment of advanced ovarian cancer. It has been previously reported that VEGF is expressed in 90% of human ovarian tumours (37) (38) (39) and that high levels of VEGF found in the serum, plasma and ascites of ovarian cancer patients are associated with poor prognosis (40) . In pre-clinical studies, it was revealed that inhibition of vEGF activity inhibited ovarian tumours in an athymic mouse model (41) . Moreover, a pre-clinical report revealed that bevacizumab used in maintenance therapy after a complete response to cisplatin plus bevacizumab in a murine xenograft model significantly delayed or inhibited the regrowth of ovarian cancer and prolonged survival (42) , thus supporting the rationale for the clinical trials.
Bevacizumab has demonstrated its efficacy as a singleagent (43, 44) and in combination (39) for the treatment of recurrent ovarian cancer. Some serious toxicity was noted; in particular, the Genentech Study (44) was closed early due to a high rate of spontaneous bowel perforations (43) (44) (45) (46) . Recently, two large clinical trials, GOG-218 and icOn-7, which evaluated the benefit of bevacizumab in combination with first-line chemotherapy and as maintenance therapy, have been completed. GOG-218 enrolled more than 1,800 stage III-IV ovarian cancer patients in 3 arms. In the first arm, patients were treated with 6 cycles of chemotherapy which included carboplatin plus paclitaxel (CP) plus 15 cycles of a placebo. in the second arm, they were treated with 6 cycles of cp plus bevacizumab (15 mg/kg i.v.) plus 15 additional placebo cycles. in the third arm, patients were treated with 6 cycles of cp plus bevacizumab and subsequently with 15 additional bevacizumab cycles every 21 days. The results were presented at the last ASCO meeting. Bevacizumab showed a significantly longer PFS (3.8 months) when administered concomitantly with cp and thereafter for 15 additional cycles, while the concomitant use of bevacizumab and CP (arm 2) did not improve PFS in comparison to chemotherapy alone (arm 1) (Burger et al: J Clin Oncol 28 (Suppl), abs. lBA1, 2010).
Bevacizumab is the first targeted compound able to improve PFS in the maintenance setting in advanced ovarian cancer. However, data on OS are still pending. Moreover, concerns have arisen concerning the duration and high cost of treatment. Another phase III trial (ICON-7) , testing bevacizumab as a mainteinance therapy in ovarian cancer, has just been completed, and positive results have been announced by the sponsor (Pfisterer et al: IGCS, abs. 805, 2010) . It is worth noting that in icOn-7, bevacizumab was used at half dose (7.5 mg/kg) with respect to the GOG-218 dose and therefore the optimal dose and schedule may warrant further debate.
the use of antiangiogenic drugs in the maintenance setting may give rise to various concerns on the basis of pre-clinical observations which indicate that inhibition of angiogenesis, even when exhibiting potent inhibitory effects in localised tumours, drives tumours to stages of greater malignancy increasing invasion and distant metastasis thus shortening the survival of mice (47) (48) (49) . It has yet to be determined how general these results are and how they can be translated into the clinic for the best use of this class of drugs.
a further possibility for targeting ovarian cancer angiogenesis is represented by TK and mTOR inhibition. Two phase II trials are testing this hypothesis with sorafenib (www.clinicaltrial.gov; NCT00390611) and enzastaurin (www.clinicaltrial. gov; NCT0039111). Their results are expected to be presented within the next year and the findings may clarify the effectiveness of this approach, which in terms of feasibility provides certain advantages due to the oral administration of the two drugs.
EGFR has been found to be 'overexpressed' by the cells of numerous cancers, including ovarian, and may be considered an alternative target for the treatment of ovarian cancer. EGFR is reported to be present in ovarian cancers between 33 and 75% (50, 51) , and it has been implicated in both the growth and progression of this disease. Ovarian cancers that express increased concentrations of the EGFr are associated with poor survival (50, 52) . Erlotinib, in a phase II trial in patients with recurrent ovarian cancer, showed a certain degree of activity with a manageable safety profile (53) . Erlotinib, also an oral drug, is a good candidate for maintenance therapy.
A randomised phase III trial is assessing the efficacy of erlotinib compared to observation in patients who previously completed first-line chemotherapy for ovarian, peritoneal or fallopian tube cancer. This trial started in 2008, the enrollment has been completed, and the final results are expected within the next 12-24 months (www.clinicaltrials.gov; NCT00263822).
Immunoboosting approaches. Specific anti-cancer immunotherapy, in contrast to previous clinical findings, has demonstrated that in treated ovarian cancer patients it is possible to elicit a specific anti-cancer response. These results, even if controversial, offer the possibility that various regimens or products induce a more sustained response and finally a significant clinical benefit, thus rendering this field crucial. Oregovamab, which failed the phase iii trial as a maintenance monotherapy post front-line chemotherapy, has recently shown that it is easily administered concomitantly with front-line chemotherapy. The combination is able to enhance specific ca125 cellular immunity, and preliminary clinical evidence favors this particular schedule (54) . CA125 is also the target of the murine monoclonal antibody, abagovomab, a therapeutic vaccine in development as maintenance therapy for ovarian cancer patients (50) .
the therapeutic strategy behind abagovomab is based on the 'immune network hypothesis' formulated by niels Jerne (55) . According to this theory, the variable antigen-binding regions of antibodies (Ab1) contain idiotypic determinants that are immunogenic and are able to induce anti-idiotypic antibodies (Ab2). A subset of these antibodies is able to functionally mimic the original antigen. Thus, immunization with anti-idiotypic antibodies could induce in the host a specific immune reaction (Ab3-mediated) directed against the original antigen.
in particular, abagovomab is an ab2 antibody, which was obtained by immunizing mice with Oc125, an antibody specific for CA125. In a subsequent phase, hybridoma cells, able to produce through a biotechnological process a large amount of abagovomab, were obtained (Fig. 1) . Collectively, these characteristics make abagovomab different from the previous ca125-targeted antibody oregovomab, which directly binds the antigen; this gives abagovomab a stronger potential immunogenic activity.
to date, the results obtained in clinical trials support this mechanism of action. Abagovomab is capable of breaking the tolerance to CA125 in patients with CA125-expressing ovarian cancer, and the immunogenic response elicited in these patients is associated with prolonged survival.
In the first Phase Ib/II Proof of Concept (POC) study (56, 57) , 119 patients were treated with abagovomab after failure to respond to at least one previous chemotherapy. vaccination of patients with abagovomab demonstrated induction of an anti-anti-idiotypic immune response (Ab3), in approximately 68% of the patients, which led to an anti-CA125 immune reaction (56) . A specific cellular immune response was evidenced in a subgroup of these patients. Patients who produced a specific immune response after vaccination with abagovomab (68%) showed an improved OS (23.4 months) as compared to those who did not (4.9 months). Moreover, the vaccination was well-tolerated, irrespective of the number of injections received.
To evaluate the effect of different doses (0.2 vs. 2 mg), schedules (6 vs. 9 vaccinations) and routes of administration (subcutaneous vs. intramuscular), abagovomab underwent two additional phase i/ii studies that treated 78 patients overall (58, 59) .
in these latter studies, the vaccinated patients developed a specific immune response, and the results allowed the selection of the dose (2 mg), the schedule (an injection every 2 weeks as induction during the first 6 weeks followed by monthly vaccination thereafter as maintenance), and the route of administration (subcutaneous) to be used in the pivotal efficacy trial.
In December 2006, a phase II-III trial, MIMOSA (www. mimosa-study.com), was initiated, and enrollment has been completed. The trial is a multicentre, double-blind, placebocontrolled study in patients with stage iii-iv epithelial ovarian cancer who obtained a complete clinical response (evaluated by computer tomography and a ca125 value within the normal laboratory range) after debulking surgery and standard platinum/taxane first-line chemotherapy. Patients vaccinated with abagovomab as maintenance therapy, received a single subcutaneous injection every 2 weeks (for the first 4 dosesinduction phase) and then every 4 weeks (maintenance phase). Efficacy of abagovomab vs. placebo is primarily evaluated as increase in recurrence-free survival. Also, prolongation of life expectancy will be evaluated. The final results are expected in the first half of 2011. Preliminary blinded results on the safety and immune response of the 888 enrolled patients were reported at the last ASCO meeting, confirming that abagovomab administered as a repeated monthly administration is a safe and tolerable regimen, which induces an immune response comparable to the one observed in previous studies (Sabbatini et al: J Clin Oncol 28 (Suppl), abs. 5036 ASCO, 2010).
Conclusions
To date, only prolonged administration of taxol up to 12 cycles and the combination of bevacizumab plus chemotherapy followed by a long maintenance period of bevacizumab 12-15 cycles at various doses (15-7.5 mg/kg) have demonstrated a statistical significant prolongation of PFS (6 and 3.8 months, respectively; data not known for a 7.5 mg/kg dose). However, the additional 12 taxol cycles did not have any impact on OS, while data for OS is still pending for bevacizumab trials. Both types of approach imply a long treatment duration that might affect the quality of life of patients. Moreover, the overall costs of bevacizumab treatments may be a further concern. In this context, the need for more active and feasible treatments remains high, and immunotherapy represents a valid option. among 'immunostimulants' for the treatment of ovarian cancer, abagovomab is in the most advanced development stage. Furthermore, its optimal safety and tolerability profile demonstrated to date render it a noteworthy candidate for maintenance therapy in advanced ovarian cancer patients.
